S ince the introduction of air-powder polishing systems in 1977, 1 air-powder polishing has been shown to be an efficient and effective method for removal of stain and plaque. 2 Air-powder polishing systems use air, water, and sodium bicarbonate to deliver a controlled stream that propels specially processed sodium bicarbonate particles to the tooth surface. [3] [4] [5] It has been demonstrated that this increasingly popular technique requires less time and less physical exertion by the operator than polishing with a rubber cup and prophylaxis paste. In addition, no heat is generated with this type of system. 2 Studies of the air-powder polishing method have examined its efficacy in stain removal 2 and its effects on soft tissue, 2,6-12 hard tissue, 5, 13, 14 and restorative materials. 3, 15, 16 William et al. 15 found that air-powder polishing treatment imparted a nonuniformly roughened surface to enamel. Atkinson et al. 5 and Toevs, 14 however, found root surfaces to be smooth after treatment with the airpowder polishing system. Furthermore, this system has been shown to produce some immediate soft tissue trauma. In all of these studies this gingival trauma has been shown to be transient and clinically insignificant. 17 Although air-powder polishing systems have been shown to be effective, it has been demonstrated that these systems have the potential for removing considerable amounts of resinous restorative material. 3, 15, 16 On the other hand, porcelain, amalgam, and gold alloy restorations generally are not significantly affected. 15, 16 However, Barnes and associates did note an erosion of cement from the margin of cast-alloy restorations. 3 The purpose of this two-part study, based on studies to date that have shown deleterious effects on resinous materials and cement, was to examine the efficacy and effects of an air-powder polishing system on orthodontically bracketed and banded teeth. Orthodontically bracketed and banded teeth certainly provide a greater challenge for routine cleaning that may be met by an air-powder polishing system. Specifically, this study investigated the time required for removal of stain and plaque from orthodontically bracketed and banded teeth as well as the efficacy of the air-powder polishing system. In addition, the effects of airpowder polishing on composite and zinc phosphate cements used to anchor orthodontic brackets and bands were examined with a scanning electron microscope (SEM).
Methods and Materials
This study was conducted in two parts. Part I investigated the efficacy and efficiency of the air-powder polishing (APP) method (Prophy-Jet, Dentsply/Cavitron, Long Island City, N.Y.) for removal of stain and plaque from orthodontically bracketed and banded teeth in comparison with a rubber cup and pumice method (RCP). Part II of the study evaluated the effects of the APP method on (1) composite material (Concise orthodontic bonding system, 3M Company, St. Paul, Minn.) used with orthodontic brackets and (2) zinc phosphate cement used with orthodontic bands.
Study Design
Part I By random selection, half the mouth (maxillary and mandibular right or left) in each of 50 patients with orthodontically bracketed and banded teeth was treated with the APP method and the opposite half with the RCP method. These patients were having a routine prophylaxis at the University of Alabama School of Dentistry; they had a minimum of 20 bracketed and banded teeth each, were not on a sodium-restricted diet, and did not have a history of high blood pressure or other cardiovascular disease. Patients ranged in age from 9 to 41 years, with a mean age of 17.5 years.
All 50 patients were examined immediately before and after treatment. All teeth were scored for the plaque index (PI) of O'Leary 18 and the stain index (SI) of Greene and Vermillion. 19 During treatment of each patient, the operator recorded treatment time required by each method to remove stain and plaque; the effectiveness of each technique for removal of dental stain and plaque was recorded by the same examiner, who had no knowledge of treatment conditions.
Part II
Orthodontic brackets were attached to ten extracted maxillary central incisors with composite, and orthodontic bands were cemented with zinc phosphate cement to ten extracted mandibular first molars. By random selection, the bracketed teeth were placed in five groups (two teeth each) and the ten banded teeth were also randomly placed in five groups (two teeth each). Each treatment group was randomly assigned to exposure to the APP for 5, 10, 15, 30, or 60 seconds.
Before treatment with the APP method, each tooth was positioned in a stabilized mounting device. Treatment was done by the same operator and the air-powder-water stream was directed at a 90° angle to each bracket and band. Occlusal surfaces of the banded teeth were also treated at a 90° angle. The handpiece nozzle was kept at a uniform 4 mm distance from the surface being treated. After treatment of the bracketed and banded teeth, individual impressions were made of each tooth with a polyvinylsiloxane impression material (Reprosil, Caulk Division, Dentsply, Milford, Del.). The impressions were poured with an epoxy resin (Ortho Bond, Vemon-Benshoff Co., Inc., Albany, N.Y.) and coated for viewing with the SEM. SEM photographs were taken at magnifications of 10×, 50×, and 100×.
Results

Part I
The improvement in the plaque score achieved by the APP method was compared with that achieved by the RCP method by means of a paired t test (Table I) . The paired t test indicates a significant difference in the two methods (p = 0.0001), with the APP method being the most effective for plaque removal.
All of the cases in which stain was not demonstrated before treatment were deleted for obvious reasons. Sixteen cases demonstrated stain. The same analytical procedures used for plaque were used for stain (Table II) . The paired t test did not indicate a significant difference in the two methods (p = 0.0866) because there was an inadequate number of cases with pretreatment stain. Lack of stain was attributed to the young ages of the majority of patients (mean age, 17.5 years). Therefore, the APP method did not have a significantly better stain-removal performance, but further testing of greater numbers may prove the difference is real. Time required for each method was also analyzed by means of a paired t test (Table III) . The RCP method required significantly more time (p = 0.0001) than the APP method.
Part II
The effect of the APP method on composite resin used to bond brackets and on zinc phosphate cement used to attach metal bands is illustrated in a series of scanning electron photomicrographs. Only photomicrographs of brackets and bands treated for 60 seconds are included, as these represented the groups with the most extreme exposure to the APP method. Figures 1,  2 , and 3 show representative photomicrographs for the groups of extracted maxillary central incisors to demonstrate the effects of the APP on the composite resin. As can be seen in Figure 1 , the composite resin and its margin remain intact. Figures 2 and 3 , taken at magnifications of 50× and 100×, respectively, demonstrate that while some composite resin matrix has been re-moved to expose composite particles, the integrity of the composite has not been disturbed. Figures 4 and 5 are photomicrographs of the same tooth and bracket before treatment and have been included for comparative purposes. Figure 6 shows a photomicrograph of the buccal aspect of a banded mandibular first molar and the zinc phosphate cement used to cement it. Figure 7 represents the same banded tooth after treatment with the APP method. As can be seen, although some particles have been exposed, only trace amounts of zinc phosphate have been removed.
The occlusal surfaces of the banded mandibular first molars were also treated with the APP method. Figure  8 represents the occlusal surface of the band and its accompanying zinc phosphate cement before treatment. Figures 9 and 10 represent the same area after treatment with the APP method. The APP method has removed some excess cement and exposed cement particles but has not disrupted the integrity of the cement to the tooth or the cement to the band. Figure 1 , at 50× magnification, after treatment with APP method for 60 seconds. B indicates bracket, C indicates composite, and E indicates enamel. Note exposed composite particles and intact margin. 
Discussion
The results of this study demonstrate that use of an air-powder polishing system is a time-efficient and effective means for removal of plaque from orthodontically bracketed and banded teeth. Additional rubber cup and pumice polishing is required if the same effect as that of the air-powder polishing method is to be achieved. The investigators of this study noted other benefits of the air-powder polishing method in addition to its time efficiency and thoroughness of plaque removal. No orthodontic wires or rubber bands were disturbed with the air-powder polishing method, which was not the case with the rubber cup and pumice method. Patients who had recently undergone orthodontic adjustment did not find the air-powder polishing method to be uncomfort- Figures 1 to 3 , before treatment, at 10× magnification. Tie-wings did not completely replicate because of severe undercuts in impression material.
able, but they did find the necessary pressure used with the rubber cup and pumice method to be uncomfortable or painful. Weaks et al. 20 found a substantial reduction of gingival bleeding and marginal redness in orthodontic patients who underwent polishing with an air-powder polishing system as compared to those orthodontic patients who were undergoing polishing every 3 months with rubber cup and pumice. The substantial reductions in gingival bleeding and marginal redness were attrib-uted to the thoroughness of plaque removal with the air-powder polishing system.
Interestingly, the air-powder polishing method did not remove appreciable amounts of composite or zinc phosphate cement, as was expected. This is in contrast to a study by Barnes et al. 3 in which both composite and cement were found to be vulnerable to air-powder polishing. The difference in results of these two studies can be attributed to fact that the air-powder-water stream was directed to the bracket and band at a 90-degree angle. This is contrary to the manufacturer's instructions, 17 which suggests a 60° angle on anterior teeth and an 80° angle on posterior teeth. The use of the 90° angle that was centered on the brackets and bands most probably produced a diffusion of the spray, which did not disrupt the integrity of the composite bond to the enamel or the zinc phosphate cement to the enamel. Of particular importance is the fact that the composite and cement were left intact even after 60 seconds' exposure to the air-powder-water spray. Confirmed projections by Atkinson 5 and Berkstein 21 estimate that 30 seconds of exposure time to the air-powder-water spray is the equivalent of a patient's being maintained on a 3-month recall for 15 years and receiving a 0.5-second blast from the polishing device at every visit. Certainly, no routine orthodontic treatment is carried out for 15 years; thus the 60-second exposure time is extreme. Even after this extreme exposure, no appreciable disruption of the composite occurred. Likewise, with the orthodontically banded teeth, the zinc phosphate cement did not demonstrate a loss of integrity. 
Conclusion
This two-part study investigated the efficacy and efficiency of an air-powder polishing system on orthodontically bracketed and banded teeth and the effects of this polishing system on composite and zinc phosphate cement used with these brackets and bands. The following conclusions can be drawn:
1. Use of the air-powder polishing system on orthodontic brackets and bands is a time-efficient and effective means of plaque removal.
2. Use of the air-powder polishing system is not detrimental to either composite resin or zinc phosphate cement used to attach orthodontic brackets and bands when the spray is directed at a 90° angle to the bracket or band with the nozzle kept at a distance of 3 to 5 mm from the bracket or band. Figure 9 . SEM photograph of replicated banded mandibular first molar in Figure 8 after treatment with the APP method for 60 seconds. Zinc phosphate cement particles are exposed, but margin remains intact. 
